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Description
Technical Field

[0001] This invention relates to the field of server management and, more particularly, to change operations across
a plurality of target servers.

Background

[0002] Information Technology (IT)administrators are facing new challenges due to a significant increase in the number
of servers in an enterprise’s IT infrastructure and the adoption of distributed electronic business applications. These
challenges have resulted from: (1) a transition from client-server to Internet-based architectures, resulting in frequent
interactions between different types of servers; and (2) the use of component application servers, such as J2EE (Java
2 Platform, Enterprise Edition) and .NET, to generate components, tools, systems, and complex application models.
Faced with these challenges, an IT administrator may need to juggle hundreds of incompatible software application
configurations and track thousands of server components for the thirty to forty servers he or she manages.

[0003] Currently available configuration tools are inadequate to manage a large number of software application con-
figuration and server components across multiple servers in a heterogeneous computing environment. To manage and
configure heterogeneous servers, particularly in the complex business computing infrastructure, many IT administrators
use enterprise systems management (ESM) products offering monitoring tools to automate problem identification across
multiple servers. However, these monitoring tools do not provide a centralized management system with a centralized
configuration database, which can centrally keep track of current server components and their interdependencies across
the different servers.

[0004] In addition, these ESM products provide little or no help in correcting or configuring server components in a
heterogeneous computing environment. For UNIX and Linux operating system-based servers, despite the open-source
and internally developed tools and scripts to handle simple configuration changes to J2EE configurations, neither the
tools nor the scripts can be easily extended to address complex distributed applications.

[0005] Microsoft Windows - based operating system servers are even more difficult to correct and configure than UNIX
and Linux operating system based servers, due to a large number of server components having complex interdepend-
encies. Although system management tools are available from Microsoft, they have been designed to target only small-
scale homogenous Windows-based computing environments, and not the large and heterogeneous computing environ-
ment supporting multiple operating systems that most IT administrators have to manage.

[0006] Because of the inadequacies in currently available management tools, significant portions of any server con-
figuration change operations have to be made manually by the IT administrator for each server. Accordingly, human
errors can occur from these manual change operations, and from manual monitoring and tracking of each server’s
configuration, resulting in frequent server misconfigurations and system downtime.

[0007] US 2002/0010910 A1 discloses a software deployment tool adapted to cooperate with a software package in
which the tool can read the software package to set attributes to an action definition in the software package. W00225438
discloses a discovery agent for discovering software updates, discovering if a given computer can use the software
update, and then updating the computers with the software as needed automatically across a network without storing
the updates on an intermediate machine within the network.

[0008] BAILEY E C: "Maximum RPM - Taking the Red Hat Package Manager to the Limit" discloses a package
manager, which can be used to build, install, query, verify, update, and uninstall individual software packages.

Summary
[0009] To alleviate this situation, systems and methods according to the invention can be used to manage a large
number of servers and their server components distributed throughout a heterogeneous computing environment. The

invention is set out in the appended set of claims 1-15.

Brief Description of the Drawings

[0010] Inthe drawings, like reference characters generally refer to the same parts throughout the different views. Also,
the drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating the principles of
the invention.

FIG. 1 is a block diagram depicting a system for managing multiple servers in a heterogeneous computing environ-
ment.
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FIG. 2 is a block diagram depicting a virtual server client in accordance with an embodiment of the invention.

FIG. 3 is a block diagram depicting a virtual server agent in accordance with an embodiment of the invention.
FIG. 4 is a flowchart depicting a method for receiving and executing a system call from an application program,
outside the scope.

FIG. 5 is a flowchart depicting the details of instantiating an abstract system call in one example of the method of
FIG. 4, outside the scope.

FIG. 6 is a screen shot of an embodiment of a system implementing the method of FIG. 4, outside the scope.
FIG. 7 is a block diagram depicting an embodiment of a system for executing and undoing distributed server change
operations in a transaction-safe manner.

FIG. 8 is a flowchart depicting a system for executing and undoing distributed server change operations in a trans-
action-safe manner.

FIG. 9 is a flowchart depicting a method for executing and undoing distributed server change operations, outside
the scope.

FIG. 10 is a block diagram depicting an embodiment of a system for configuring multiple servers in a heterogeneous
computing environment.

FIG. 11is aflowchart depicting a method for configuring multiple servers in a heterogeneous computing environment,
outside the scope.

FIG. 12 is a block diagram depicting an example of a system for managing server objects.

FIG. 13 is a block diagram depicting an example of the system of FIG. 12.

FIG. 14 is a user interface display in a system implementing the method of FIG. 11.

Detailed Description

[0011] Referring to FIG. 1, a user 10, such as a system administrator, manages a number of servers 15A, 15B, 15C,
15D, generally 15, which are computers, each of which can be of the same or of different types than the other servers
15. The servers 15 are typically server-class general-purpose computers, which provide services (e.g. software appli-
cations and/or data) to other computers via one or more computer networks. For example, the servers may be application
servers, routers, firewalls, load balancers, storage controllers, or a combination of these or other computers or network
devices.

[0012] Examples of application servers are databases, such as the Oracle database from Oracle Corporation of
Redwood City, California or other business applications. Application servers may also include web servers, such as the
Apache web server from the Apache Foundation, and Internet Information Server (11S) from Microsoft Corporation of
Redmond, WA. In addition to these examples, other programs can be provided by the servers 15. It should be understood
that as used herein, the term "server" is not limited to server-class computers or application servers, but refers generally
to computers on which the embodiments of the invention operate, which may include other types of computers or network
devices.

[0013] As shown, each of the servers 15 may use a different operating system. For example, server 15A uses MI-
CROSOFT WINDOWS (e.g., WINDOWS NT and WINDOWS 2000), available from Microsoft Corporation of Redmond,
WA, server 15B uses SUN SOLARIS, available from Sun Microsystems, Inc. of Santa Clara, CA; server 15C uses RED
HAT LINUX, available from Red Hat, Inc. of Durham, N.C.; and server 15D uses IBM AlX, available from IBM of Armonk,
NY. It will be understood that this is just one example of the operating systems that may be used on the servers 15, and
other combinations and operating systems may be used on the servers 15 in accordance with embodiments of the
invention. One of the benefits of the system is its ability to operate in an environment having heterogeneous servers.
[0014] In one example, the user 10 manages the servers 15 via a management system 20. The management system
20 is typically a server-class computer that provides the user 10 with an ability to manager servers 15 in a consistent
manner through use of application programs 25. The management system 20 may be one of the servers 15, or any
server-class computer that can communicate with the servers 15 over a network. Any of the target servers 15 can be
designated as the management system, as long as the designated server includes appropriate application programs
and software modules to manage remotely located servers.

[0015] Application programs 25 in the management system 20 can include one or more of a command-line shell
program 25A and related programs for executing shell commands (e.g., UNIX shell commands such as Is, mv, rm, etc.),
a configuration manager 25B for managing system configuration, and/or other applications 25C. The application programs
25, which in some implementations are "network-aware," communicate abstract system calls to a virtual server client
30, which in turn communicates the abstract system calls to the servers 15 that are the target(s) for execution of the
operations requested by the abstract system calls. Advantageously, through use of the abstract system calls, the "network-
aware" applications are able to request services from heterogeneous servers supporting different operating systems
without having to modify their architecture to support each of the different operating systems.

[0016] For example, the user 10 enters commands, such as Unix shell commands, to the shell program 25A via a
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command line interface. Commands can be entered, for example, to distribute files, directories, software packages, and
patches to the target servers 15. Commands can also be entered to edit configuration files of the target servers 15. In
addition, commands can be entered to remotely reboot the target servers 15, and stop and start change operation on
the target servers 15.

[0017] For example, in one implementation, the Unix shell command "Is," which requests a server computer to list a
directory of files, may be modified to be used with the user’'s management system 20 and the virtual server client 30 to
list a directory of files from any of the target servers 15. From the user’s 10 perspective, the "Is" command is used in
the normal manner, except that the user 10 can identify a target server 15 for the command in a path associated with
the command. For example, if the target server 15A is named "targetserver1," the user 10 may enter the command "Is
/ltargetserver1/path/" to list the files in the specified path on the target server 15A.

[0018] Toimplement thisIs command of the shell program 25A on the user’'s management system 20, the shell program
25A translates the system calls called by the "Is" command into one or more abstract system calls. These abstract
system calls are sent to the virtual server client 30, which in turn sends the abstract system calls to appropriate target
servers 15, in this case, the target server 15A. After execution of the command on the target servers 15, the results are
communicated back to the user 10 via the application programs 25 and the virtual server client 30.

[0019] Other programs can be made "network aware". For example, in some implementation, script interpreters, such
as interpreters for the Perl and Python scripting languages can be modified to work with the virtual server client 30.
Generally, selected system calls made by an application program are translated into abstract system calls, which are
communicated through the virtual server client 30 to the servers 15.

[0020] In addition to providing shell commands and other application programs, the management system 20 may
include a configuration manager 25B. In an example, the configuration manager 25B is used to configure one or more
of the servers 15. The configuration manager is a software application program that implements server change operations
that are in turn translated into the corresponding operating system specific commands on the target servers 15.
[0021] In one implementation, an application program 25 directs abstract system calls to specific target servers 15.
In another implementation, the application program 25 can also direct abstract system calls to a group of servers. A
group of servers can be pre-defined or dynamically defined based on attributes such as operating systems, capacity,
IP address ranges, and installed applications. For example, the application program 25 can direct an abstract system
call to a group of servers, consisting of a subset of servers 15 running the Linux operating system. Application program
25 thus can deploy a command onto a server in this group without specifying a particular server in the subset. In this
way, the application program 25 does not need to keep track of each server, nor determine which servers have sufficient
capacity or features to run the program; rather, the application program 25 can deploy commands (or change operations)
to a predetermined group, and the virtual server client 30 decides which specific server should run these operations.
[0022] The virtual server client 30, which may be included in the management system 20, presents the servers 15 to
the application programs 25 as a single "virtual server" on which system call operations can be executed. The virtual
server client 30 can be implemented by a software library, which in one implementation is roughly analogous to the C
library, libc. The application programs 25 can be statically or dynamically linked to the virtual server library, which is
called libnc. In one embodiment, non network-aware application programs 25 are converted to network-aware programs
by replacing calls to the libc library with equivalent calls to the libnc library, which provides abstract network-aware
system calls.

[0023] To illustrate an implementation aspect, the virtual server client 30 may be implemented as part of an operating
system. For example, the operating system running the user’s management system 20 can receive abstract system
calls and communicate them to the remote target servers 15. Accordingly, for purposes of executing an abstract system
call a target servers 15, the source of the abstract system call is immaterial.

[0024] In some embodiments, the virtual server client 30 communicates with the servers 15 through virtual server
agents 35 associated with the servers 15, which will be described in detail below. The virtual server client 30 communicates
with virtual server agents 35 to present the multiple physical target servers 15 as a single virtual server to the application
programs 25. As an abstract representation of a collection of the physical servers 15, the virtual server intercepts the
abstract system calls via the virtual server client 30 and routes the abstract system calls to the virtual server agents 35.
[0025] For illustration only, when the virtual server client 30 receives an abstract system call from an application
program 25, the virtual server client 30 can check the abstract system call to determine whether this system call is a
local call or a remote call. If the abstract system call is a local call, then the operating system running the management
system 20 can execute the system call locally. If the abstract system call is determined to be a remote call, the virtual
server client 30 can send the abstract system call to a virtual server agent 35 associated with a target server 15 via a
message protocol. For example, when an "ropen" abstract system call, representing a remote file open command, is
received by the virtual server client 30, the data representing the "ropen" command and parameters associated with the
"ropen" command are sent to appropriate virtual server agents 35. The target-servers 15 for a system call are identified
by the user 10 or the application programs 25. The virtual server client 30 identifies the target servers 15 from their
virtual server agents 35 and determines where the system call should be directed.
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[0026] For illustration only, the virtual server agents 35 can receive abstract system calls from the virtual server client
30 and can prepare the abstract system calls for their associated target servers 15. When the virtual server client 30
determines to which virtual server agents an abstract system call should be directed, each of the virtual server agents
35 receives the abstract system call. As a part of preparing the abstract system call for the associated target servers
15, the virtual server agents 35 can provide security measures to ensure that the user 10 is authorized to access the
target servers 15, and that the virtual server agent 35 can control the user access, as provided by the associated target
server 15. Once the user 10 would be authorized, the virtual server agent 35 would translate the abstract system call
into an operating system specific call directed to its associated target server 15. The target server 15 can execute the
abstract system call and returns the results back to the virtual server agent 35, which in turn sends the results back to
the appropriate application programs 25 via the virtual server client 30.

[0027] In one example and for illustration only, the virtual server agents 35 (also referred to as Remote System Call
Daemon or RSCD agents) are software modules attached to their corresponding target servers 15. In another embod-
iment, the virtual server agents 35 are software modules that are not attached to their corresponding target servers 15,
but are in communication with their associated remotely located target servers 15.

[0028] In some example and for illustration only, instead of acting as a messenger that sends an abstract system call
to a specific target server 15, one of the virtual server agents 35 can represent a group of physical servers. Thus, if the
same command needs to be executed on multiple servers, these servers can be aggregated into a group, represented
by a single virtual server agent 35, so that appropriate system calls can be made to a group of servers simultaneously
via that virtual server agent 35.

[0029] Generally, abstract system calls may include all types of system calls including file system calls, operating
system calls, and the like. An abstract system call typically is implemented as a modification of an analogous standard
operating system specific call. For example, the abstract system call "ropen" is analogous to a standard system call
"open," which opens a file on a server.

[0030] With minor modifications to an application program’s source code, any application program can make operating
system agnostic abstract system calls. By changing the system calls to abstract system calls, any generic application
program can be made into a network aware-application that can operate transparently across servers supporting different
operating systems.

[0031] In one example for illustration, only the system calls that are applicable to all of the target servers 15 can be
modeled as abstract system calls. For example, if the target servers 15 include Unix-based servers, it may not be possible
to model a system call to update a registry as an abstract system call, since a registry, which is a Windows specific
object, does not exist and has no relevance for Unix-based server platforms.

[0032] Referring to FIG. 2 - the description uses illustration purposes only - the virtual server client 30 includes various
software modules which implement its functionality. These modules include a receiver 40 that receives an abstract
system call made by an application program 25, and forwards the abstract system call to an instantiator 42. The receiver
40 is a software module that acts a messenger between the software application programs 25 and the instantiator 42.
In one embodiment, the receiver 40 receives the abstract system call from one of the software application programs 25
used by the user 10. The receiver 40 then forwards the abstract system call directly to the instantiator 42. In another
embodiment, the receiver 40 may receive standard operating system specific system calls from an application program
25. The receiver forwards such standard system calls to the instantiator 42 for the instantiator 42 to decide to where the
system calls should be directed.

[0033] In one example, the instantiator 42 determines to which virtual server agents 35 an abstract system call should
be directed. The instantiator 42 identifies target servers 15 by finding the target server identifiers specified in the abstract
system call. The target server identifier may include a path name, which in turn may include a host name or a network
address (e.g., IP address) for the server. The target server 15 may also be identified by server names explicitly stated
in a file which is to be run on specific named servers. Alternatively, the server identity may be inferred from a subset of
servers or a group of servers (e.g., a group of Linux servers) to which the target server 15 belongs.

[0034] Before transmitting the abstract system call to the virtual server agents 35, the instantiator 42 can also specify
the priority, CPU utilization, and memory utilization of the system call for the target servers 15, so that the identified
target server 15 platforms can perform the requested services as specified by the virtual server client 30. Once the
abstract system call has been instantiated, it is sent to an encryptor 44 for further processing.

[0035] As encryptor 44 (and its protocols, as well as decryption) are not part of the invention, the description explains
the operation of encryptor 44 for illustration purposes only. The encryptor 44 encrypts the abstract system call before
sending it to a transmitter 46 for transmission to the virtual server agents 35. The encryptor 44 uses standard encryption
protocols and algorithms to secure communication between the virtual server client 30 and the virtual server agents 35.
Examples of standard encryption protocols include, but are not limited to, SSL (Secure Sockets Layer), Kerberos, and
Shared Secret protocols. SSL uses a public key to encrypt data. Kerberos assigns a unique key to each authorized user.
Standard encryption algorithm includes, but are not limited to, DES (Data Encryption Standard), 3DES (Triple DES),
Blowfish, and AES (Advanced Encryption Standard).
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[0036] The encryption protocol and algorithm used by the encryptor 44 must be supported by each virtual server agent
35 with which the virtual server client 30 will communicate. For example, if the virtual server client 30 supports SSL, the
virtual server agent 35 must be able to support SSL for that protocol to be used. If the virtual server client 30 supports
Kerberos, the virtual server agent 35 must also be able to support Kerberos for that protocol to be used.

[0037] The transmitter 46 uses a network interface protocol, such as TCP/IP or Ethernet, to send the abstract system
call over a network to the virtual server agents 35. The transmitter transmits the same abstract system call to each target
virtual server agent. In an example, the transmitter 46 uses an IP address to determine to which of the target servers
15 an abstract system call should be sent. An IP address may be directly included in the abstract system call or may be
inferred from a server identifier included in the abstract system call. The virtual server agent 35 accepts the abstract
system call containing the IP address of the target server 15 associated with that virtual server agent 35. Once the virtual
server agent 35 receives the abstract system call, the virtual server agent 35 processes the abstract system call for
execution on the target server 15.

[0038] Referring to FIG. 3, each virtual server agent 35 includes software modules that implement its functionality.
These modules include a receiver 50, which receives abstract system calls from the virtual server client 30, and transfers
the abstract system calls to a decryptor module 52.

[0039] The authentication of user 10 does not belong to the invention and is therefore explained for illustration purposes
only. Before the user 10 can access the user's management system 20, the user 10 is authenticated to ensure that the
user 10 is in fact the person he or she claims to be. The user 10 can be authenticated in many ways. For example, the
user 10 can be authenticated by the operating system of the management system 20 and the target servers 15 subse-
quently inherit the user’s 10 identity. In another embodiment, SRP (Secure Remote Password) or PKI Cryptography
(X.509 Certificates) is used to authenticate user 10. In yet another embodiment, the Kerberos 5 system can be used to
authenticate the user 10 by assigning a unique private key to the user 10.

[0040] The source identifier module 52 identifies the source machine, e.g., the user’'s management system 20. The
source identifier module 52 first determines the source machine through a network address (e.g., IP address) that was
submitted to the virtual server agent 35 from the virtual server client 30 with the abstract system call and checks to see
if the source host is authorized.

[0041] By identifying the source machine, the source module 52 determines the security protocols to be used by the
virtual server agent 35 for encryption and decryption. In one example, the virtual server agent 35 can support different
security protocols. For example, the virtual server agent 35 can flexibly support either SSL or Kerberos based on the
security protocol of the incoming data from the virtual server client 30. Next, the abstract system call is sent to a decryptor
54, which decrypts the abstract system call. From the decrypted abstract system call, the user identifier module 55
identifies the user 10 invoking the application programs 25 from the source machine and verifies that the user 10 is
authorized to access the source machine.

[0042] The description continues by illustrating the operation of an impersonator, that is however not part of the claims.
After the user is identified by the user identifier 55, an identity mapper 56 and an impersonator 58 provide additional
security measures as the user 10 tries to access the remote target servers 15 from the user's management system 20.
The identity mapper 56 optionally maps the authenticated user (presented user) to another user (effective user) and
locates a local user identity on the target server 15 that corresponds to the authenticated identity of the effective user.
Through the impersonator 58, the user 10 is impersonated on a remote target server 15, so that if the effective user is
identified and exists as a local user on the remote target server 15, the user 10 takes on the local identity of the effective
user and the permissions provided by that identity on the remote target server 15. Thus, the user’'s 10 access to the
remote target server 15 is further restricted to the appropriate levels provided by the permissions granted to the effective
user’s local identity on the remote server 15. For example, if the user 10 is authenticated as "Joe" on the management
system 20 and mapped to an effective user "Jane", local permissions of "Jane" will be available to the user 10 on the
remote target server 15. If "Jane" does not exist on the remote target server 15, then the user 10 will be given a guest
account. In one example, the combination of the presented user and the role, which is defined by Role Based Access
Control (RBAC), is mapped to an effective user. For example, user "Joe" having the role of a junior administrator can
be mapped to an effective user named "junior administrator." Another user "Bob" also having the role of a junior admin-
istrator can be mapped to the same effective user named "junior administrator.”

[0043] The effective user’s access for presented user 10 can further be restricted by an authorizer 60, which permits
the user 10 to perform predetermined actions or access predetermined resources on a particular target server 15. This
can be achieved by using Access Control Lists (ACLs) to manage the effective user’s access to resources on the remote
target servers 15. The ACL informs the operating systems of the remote target servers 15 of the access rights of the
effective user on specific server resources, such as files or directories. For example, if the user 10 is mapped to the
effective user "junior administrator”, then the user 10 is only permitted to perform read-only commands on certain
directories or files of a group of remote target servers 15 and cannot effect any changes to the target servers 15.
[0044] Atfter the user is authorized, a translator 62 translates the abstract system call into a standard operating system
call that is understandable and executable by the target server 15. The translator 62 examines the abstract system call
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and identifies a standard operating system specific system call that is analogous to the abstract system call and is
supported by the operating system running the associated target server 15. Once the analogous standard system call
is identified, the translator changes the abstract system call to the standard system call. This standard operating system
call is forwarded to an executor 66 for execution on the target server 15. (In FIG. 3 the arrow at the right side leaving
box 35A goes into the direction of the target server.)

[0045] Once the executor 66 receives a standard operating system call, the executor 66 performs the services that
are requested by the standard system call. In one example, the executor 66 is the operating system running on the
target server 15. The operating system examines system calls and carries out the operations requested by the system
call by, for example, communicating with other applications running on the target server 15.

[0046] Although auditing and security measures are outside the claim scope, the are mentioned by way of illustrative
example. An audit log 64 is maintained by each virtual server agent 35 to keep track of the names of the users and all
the activities performed by each user, and to troubleshoot server changes and configuration errors. For example, the
audit log 64 saves information about the activities requested and performed by authorized users, information about data,
such as the system calls and the results of the system calls, that were transferred back and forth between the virtual
server client 30 and the virtual server agent 35, as well as all parameters associated with the abstract system call. The
content of the audit log 64 is then transmitted to a centralized aggregated log kept for all of the virtual server agents 35.
[0047] A first example of security measures incorporated in an example of the virtual server implementation follows.
First, the user 10 logs into the management system and is authenticated as "Joe" during the login process. This authen-
tication process can be achieved by using a known network authentication server, such as NTLM, K5, AD, APM, NIS,
etc., depending on the operating system running on the management system 20. After the user "Joe" is authenticated
in the management system 20, the user "Joe" is authenticated for the target servers 15 by inheriting the user "Joe"
identity through the management system 20.

[0048] Next, the user 10 enters a "Is" command, requesting a listing of files on the remote target server 15A, through
the shell command program 25A on the management system 20. The shell command program 25A generates an abstract
system call in response to the command and sends the abstract system call to the virtual server client 30 to proceed
with the user’s 10 request. The virtual server client 30 examines the security configuration of the abstract system call
and encrypts the system call using a shared secret key scheme with a encryption algorithm, such as DES, 3DES, or
Blowfish. Once the abstract system call is encrypted, the system call is communicated across a network to the virtual
server agent 35A of the target server 15A.

[0049] When the virtual server agent 35A receives the abstract system call, the target server’s 15A agent 35A attempts
to decrypt the message using the secret key shared with the virtual server client 30. The virtual server agent 35A checks
to see if the user "Joe" is recognized as a local user on the target server 15A through an effective user. If the user "Joe"
is recognized as alocal user, then the virtual server agent examines the access control list to determine if the combination
of the user "Joe" 10, target server 15A, and the abstract system call is allowed. If the combination is allowed, then the
access control list is used to determine whether any further restrictions apply to the user’s 10 access to the target server
15A. The virtual server agent 35A executes the system call in accordance with any security restrictions, encrypts the
results using the same-shared secret key. The results of the "1s" command are sent back to the virtual server client 30,
where they are decrypted and displayed to the user.

[0050] In a second example of security measures incorporated in an example of the virtual server, the user 10 is
authenticated using of SRP or PKI Certificates. Once the user 10 is authenticated the user 10 enters an "Is" command,
requesting a listing of files on the remote server 15A, through the shell command program 25A on the management
system 20. The shell command program 25A generates an abstract system call in response to the command and sends
the abstract system call to the virtual server client 30. The virtual server client 30 examines the security configuration of
the abstract system call and encrypts the abstract system call using public key cryptography, standard encryption
algorithms, such as DES, 3DES, or Blowfish, may be used for exchange of session key between the virtual server client
30 and the target server agent 35A to establish a communication session between them.

[0051] As mentioned, encryption/decryption is outside the scope, but convenient for illustration: After decrypting the
abstract system call received by the virtual server agent 35A, the virtual server agent 35A checks to see if the user "Joe"
is recognized as a local user on the target server 15A through an effective user. If the user "Joe" is recognized as a local
user, then the virtual server agent 35A examines the ACL to determine if the combination of the user 10, target server
15A, and the abstract system call is allowed. If the combination is allowed, then the access control list is used to determine
whether any further restrictions apply to the user's 10 access to the target server 15A. The virtual server agent 35A
executes the system call in accordance with any security restrictions, and encrypts the results using the established
session key. The results of the "Is" command are then sent back to the virtual server client 30, where they are decrypted
and displayed to the user.

[0052] A third example of security measures incorporated in an example of the virtual server implementation follows.
If the management system 20 has an existing Kerberos 5 (K5) infrastructure in place, the user 10 can be authenticated
by entering a Kerberos password to the management system 20. Once the user 10 is logged in as the authenticated
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user "Joe," the user 10 enters the "Is" command, requesting a listing of files on the remote target server 15A, through
the shell command program 25A on the management system 20. The shell command program 25A generates an abstract
system call in response to the command and sends the abstract system call to the virtual server client 30 to proceed
with the user’s 10 request. The virtual server client 30 then sends the abstract system call and a Kerberos ticket, which
is retrieved from a Kerberos Domain Controller (KDC) to the virtual server agent 35A.

[0053] After the virtual server agent 35A receives the abstract system call and the ticket, the virtual server agent 35A
validates the abstract system call by verifying the ticket via the KDC. Once validated, the virtual server agent 35A checks
to see if the user "Joe" is recognized as a local user on the target server 15A through an effective user. If the user "Joe"
is recognized as a local user, then the virtual server agent examines the ACL to determine if the combination of the user
"Joe" 10, target server 15A, and the abstract system call is allowed. If the combination is allowed, then the access control
list is used to determine whether any further restrictions apply to the user's 10 access to the target server 15A. The
virtual server agent 35A executes the system call in accordance with any security restrictions, encrypts the results using
a Kerberos key. The results of the "Is" command are sent back to the virtual server client 30, where they are decrypted
and displayed to the user.

[0054] Referring now to FIG. 4, a method for managing multiple servers as a single virtual server is described, by way
if illustrative example. First, in step 400, the system represents multiple servers as a single virtual server. Next, in step
410, based on a user’s request for operations to be performed on target servers, the virtual server client 30 receives an
abstract systems call from an application program 25. Finally, in step 420, the virtual server client instantiates the abstract
system calls and sends the abstract system call to the virtual server agents 35 for execution.

[0055] FIG. 5 shows steps involved in instantiating an abstract system call. First in step 422, the virtual server client
30 identifies the target servers 15 through target server identifiers provided within the abstract system call. Once the
target servers are identified, in step 424, the abstract system call is transmitted to the virtual server agents associated
with the identified target servers. The virtual server agents 35 prepare the abstract system call for the target servers 15,
so that the abstract system call can be the executed on the target servers 15. For example, for the target server 15A,
the abstract system calls are translated into standard Windows NT/W2K specific system calls that are executable by
the operating system running on the target server 15A. Upon completion of execution of the system call, in step 426,
the virtual server client 30 receives the results of the execution from the virtual server agents 35.

[0056] In one example, multiple commands generate multiple system calls, which can be aggregated into a single
high-level abstract system call by an application program 25. For example, if two commands, such as copy and change
permission commands, are to be made to a target server 15A, the abstract system calls carrying out these commands,
such as ropen, rread, rwrite, and rchmod system calls, can be aggregated into one high-level abstract system call. When
received by the virtual server client 30, the virtual server client 30 can disintegrate the high level abstract system call
into the original abstract system calls and transmit the abstract system calls separately to virtual server agent 35. In
another example, instead of disintegrating the high-level system call into the original abstract system calls at the virtual
server client 30, the high-level abstract system call is received by a virtual server agent 35, which in turn translates the
high-level abstract system call into separate operating system specific system calls to be executed on the target server 15.
[0057] FIG. 6 is a screenshot showing a command being issued to multiple servers through the management system
20, for illustration only. As shown here, server names used as parameters for commands are preceded by two slashed
to distinguish them from a path name, which is generally separated by a slash. For examples, "//redhatbiz1/etc" specifies
the /etc path on the server named "redhatbiz1." Thus, as seen in the screenshot, to compare the "/etc/hosts" file on two
different servers, one named "redhatbiz1," and the other named "redhatbiz2," the user 10 enters the command "diff
/Iredhatbiz1/etc/hosts // red hatbiz2/etc/hosts."

[0058] Referring back to FIG. 1, the user 10 can manage the target servers 15 by executing and undoing distributed
server change operations across the target servers 15 in a transaction safe-manner, using the virtual server implemen-
tation described above. Distributed server change operations request the operating systems of the target servers 15 to
update, delete, install, and/or copy server assets and/or configuration file entries of the target servers 15. Transaction-
safe server change operations ensure that all of the required steps of each server change operation are completed
before the distributed server change operations are deemed completed. Further, if an error occurs while performing the
required steps on the target servers 15, any changes made from these steps are undone, and values of the target
servers’ 15 assets and/or configuration entries are returned to the values they had before execution of the server change
operations. In one example, the application programs 25 can generate a transaction package that bundles an instruction
set and necessary server contents for the operating system of each of the target servers 15 to carry out the server
change operations.

[0059] Referring to FIG. 7, the configuration manager 25B generates a transaction package 700 that includes files or
configuration file entries 705 (together referred to as server objects), a parameter file 710, and an instruction set 715 to
carry out the server change operations on one or more target servers 15 that are specified by an external file, as requested
by the configuration manager 25B.

[0060] The instruction set 715 includes an execution sequence of the server change operations provided for the
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operating systems of the target servers 15 that carry out the server change operations. If this information is not provided
in the instruction set 715 in the transaction package 700, an external dependency graph 720 is accessed to provide an
execution sequence of the server change operations. For example, the external dependency graph 720 can provide
information about directional relationships between server objects. In particular, if NT-based program A is a prerequisite
for another NT-based program B, to successfully execute programs A and B, program A must start before program B
and program B must stop before program A. Although the sequence information is used to order the sequence of change
operations for the server objects that are specified in the transaction package, the sequence information is also used to
add implied server object change operations for related server objects, such as server objects that depend on and/or
depend from these specified server objects, that are not specified in the transaction package. In particular, continuing
from the previous example, if the only change instruction provided in a transaction package is to stop program A, the
sequence information adds the implied instruction to stop program B and then stop program A based on the directional
relationship between programs A and B. Thus, the sequence information from the dependency graph determines the
sequences of server change operations to be performed not only on the specified server objects, but also on their related
server objects. If an error occurs while performing the service change operations, the sequence information also causes
the server change operations to stop and to be reversed not only on the specified servers, but also on the related server
objects.

[0061] As described above, if the instruction set 715 provides the sequence information for the server change oper-
ations, the instruction set 715 overrides the sequence information provided by the dependency graph 720. Similar to
the sequence information provided by the dependency graph 720, the instruction set 715 provides the information related
to the order in which the server change operations should be performed. The related server objects of the specified
server objects are provided, so that the server change operations can effect changes on the related server objects, as
well as the specified server objects. The instruction set 715 also provides dependency information between types of
servers. For example, if an application server depends on a database server, the sequence information provided in the
instruction set 715 will instruct the execution of the database server change operations before the execution of the
application server change operations.

[0062] In one embodiment, the instruction set 715 specifies server change operations to occur on any of the four types
of server objects 705: primitive server objects, compound server objects, abstract configuration server objects, and
component server objects. A primitive server object is an elemental server object that serves as a basis for all other
types of server objects. For example, for Linux-based servers, primitive server objects include, but are not limited to,
files, directories, Redhat Package Manager files, and configuration file entries for text configuration files, such as the
"inetd.conf" file. For Solaris-based servers, primitive server objects include, but are not limited to, files, directories,
packages, patches, and configuration files entries for configuration files, such as the "inetd.conf" file. For MS NT or W2K-
based servers, primitive server objects include, but are not limited to, files, file ACLs, directories, directory ACLs, appli-
cation programs, hot fixes, the registry entries, registry entry ACLs, COM/COM+ (component object model) catalog
entries, Metabase entries, users, accounts, and configuration file entries for all configuration files, such as ".ini" files.
[0063] A compound server object is a server object containing primitive server objects and other related compound
server objects. For example, an extended component object model (COM+) object, an NT or W2K-based compound
server object, contains primitive server objects, such as a COM+ catalog entry, NT registry entries, and DLL files. In yet
another example, an Enterprise JavaBeans (EJB) object, a compound server object, contains primitive server objects
including a Java Archive (JAR) file and multiple configuration file entries. In another example, a server process is a
compound server object, containing primitive server objects, such as configuration file entries (e.g., a permission entry,
a priority entry, a control signal entry), files, and executables.

[0064] An abstract configuration server object is a special type of a primitive server object that represents an entry in
a configuration file via a corresponding entry in an abstract configuration file, where mapping of a configuration file to a
common abstract configuration format is provided by a configuration file-specific grammar. For example, in the MS
NT/W2K environment, configuration file entries are stored in ".ini" files or XML configuration files. In the UNIX environment,
configuration file entries are stored in text files such as "inetd.conf" files or "httpd.conf", or XML configuration files.
[0065] To reconcile the difference between the configuration file entry formats across different servers, a common
abstract configuration format is provided by normalizing configuration file entries through a supported configuration file-
specific grammar. By modeling each configuration file entry as an abstract configuration file entry through this normal-
ization process, server change operations may be made based on the normalized abstract configuration file entries. The
change operations requested by the abstract configuration file entries are performed, and the changes are then com-
municated to the actual configuration file entries. Thus, in this embodiment, configuration file entries can be individually
managed through use of abstract configuration file entries, without having to change the entire configuration file each
time a server change operation changes an individual entry. Configuration file-specific grammars may be provided for
numerous systems, including Solaris, Linux, NT4/W2K, Apache, Web Logic, and Web Sphere.

[0066] A component server object is a sequenced collection of server objects. For example, an NT Service Pack is a
sequenced collection of NT Hot Fixes to be applied in a predefined order. Accordingly, a collection of predefined related
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change operations can be effected in order through a component server.

[0067] In addition to the constituencies of the instruction set 715 described above, the instruction set 715 specifies
the server change operations to be made across the target servers 15 on a collection of predetermined server objects
by communicating with the server objects (e.g., files or configuration file entries 705), the dependency graph 720, and
the parameter file 710. Server change operations can be used to deploy or copy files, directories, and software packages
to the target servers 15. Change operations can also be used to edit configuration file entries 705 without having to log
into each target server 15. In an example, the instruction set 715 provides the information needed by the target servers
15 and their associated virtual server agents 35 to carry out the server change operations. In an example, the instruction
set 715 provides a transaction context that is identified by begin-transaction and end-transaction statements encapsu-
lating the server object change operations. After the begin-transaction statement is made, the instruction set provides
the necessary information to perform the change operations requested by the application programs 25.

[0068] The instruction set 715 also provides error-handling instructions for the target servers and their associated
virtual server agents. Several types of errors are available. Soft errors are available to alert the target servers and their
virtual server agents of a likelihood of occurrence of an error during server change operations. Because no actual error
has occurred, the user 10 may ignore the soft errors and continue with the execution of the server change operations.
Alternatively, the user 10 may instruct the virtual server agents to explicitly undo all the changes made from the execution
of the server change operations after reviewing the error information returned by the soft errors.

[0069] Hard errors are available to notify the virtual server agents of an occurrence of an error during the performance
of server change operations on the target servers. The hard errors are programmed to automatically trigger undo oper-
ations to undo any of the changes made during the execution of the server change operations. By way of illustration -
outside the claim scope - the hard errors can be programmed to abort the execution of the remainder of transaction
package change operations. The hard errors are triggered by error conditions set forth in the instruction set 715. These
error conditions specify that if certain conditions occur, the hard errors should be sent to the target servers and their
associated virtual server agents.

[0070] Theinstructionset715alsoincludes prerequisite information for the instructions. An example of this prerequisite
information can include, but are not limited to, the minimum set of change operation instructions that must be specified
in a transaction package for its successful execution. For example, to successfully add a COM+ component on the target
servers, instructions for adding the COM+ entry in the catalog, the corresponding Registry entry, and the corresponding
DLL file must be specified in the transaction package. Another example of the prerequisite information can include types
of permissions needed to carry out the change operations, minimum disk space required by the target servers 15, and
the type of operating system required. In addition, the prerequisite information can also include implicit instructions for
hierarchical server objects. For example, to add a file in the target servers, the parent directory for the file should exist
in the target servers, so that the file can be created under the specified parent directory in these servers.

[0071] In an example, the instruction set 715 can define the changes that need to be made on the server objects by
using named parameters, and later replacing the parameters with actual values obtained from a parameter file 710. The
virtual server agents 35 receive the transaction package 700 on behalf of their associated target servers 15, and replace
the named parameters with values obtained from the parameter file 710. These named parameters are particularly useful
when performing server change operations on server objects that are directed to multiple target servers 15, because
the named parameter representing the identity of each target server can be replaced with the actual server identifiers
by the virtual server agents 35. For example, named parameters of an instruction can reference a path name for a target
server 15 that includes a host name or an IP address of the target server 15. These parameters are replaced with actual
server identifiers for each target server 15, as provided in the parameter file(s) 710.

[0072] By way of illustration, the parameter file 710 can be either a global parameter file or a host-specific parameter
file. A global parameter file contains parameters that are configured by the user 10, thus the identical global parameter
file is passed to all target servers 15. A host specific parameter file contains parameters that are specific to each of
target servers 15, thus the host specific parameter file is different for each of target servers 15. Parameter values
contained in the global parameter file are useful when copying the same server object to the same destination on multiple
target servers 15. Examples of this type of parameter are the user’s name and password. For parameter values contained
in the host-specific parameter file, the parameter values are resolved by each of the target servers 15. Examples of
these parameters are host names, and path names of the target servers 15. In addition, there are intrinsic parameters
that are resolved through host environment variables on the target server. For example, one or more parameter files
710 are associated with one or more target servers. For example, for a Window-based target server, "windir" and IP
address are examples of host environment variables that can be used to resolve intrinsic parameters associated with
one or more target servers and passed via the transaction package 700.

[0073] ReferringtoFIGS. 1and7,in one embodiment, instead of using abstract system calls to carry out server change
operations generated by the application programs 25, a transaction package 700 can be used to carry out these change
operations using an XML-based instruction set 715. To accommodate both system call level commands and XML-based
instruction sets, each virtual server agent 35 is divided into two parts. One part of the virtual server agent 35 is an XML
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API that can interpret the XML-based instruction set 715 contained in the transaction package 700, and the other part
of the virtual server agent 35 is a system call API that can interpret abstract system calls. Thus, when a virtual server
agent 35 receives an XML-based transaction package 700 through the virtual server client 30, the XML-based instruction
set 715 in the transaction package 700 can be interpreted via the XML API. In an alternative example, the transaction
package 700 can be implemented with a text-based instruction set 715. The commands of the text-based instruction
set 715 are translated into abstract system calls that are in turn interpreted by the system call API.

[0074] Belowisanexample ofan XML-based transaction package,named "Package_1.XML," specifying a prerequisite,
transaction context, compound server object, sequence, and error handling information using an XML-based instruction

set 715.
Package_1.XML
[0075]

<blpackage schema-version="2.0" created-date="02/12/03" modified-
date="02/22/02" revision="23">
<name>
name of the blpackage
</name>
<description>
description of the package
</description>
<source type="host">web-demol</source>
<!-- default parameters -->
<param name="$APP_ PATH"> c:\program files\app </param>
<param-file>foo.params</param-file>
<applies-to>
<condition>
<os>"$ (os) = Windows"</os>
<os-version>$ (os-version) > 5</os-version>
<service-pack>2</service-pack>
</condition>
</applies-to>
<!-- requires the following items before we deploy this package -->
<depends>
<condition>
<application>SQL server</application>

<version>$ (version) = 8.0 </version>
</condition>
</depends>
<!-- failure conditions if the following exit on target -->
<FailIf>
<ErrorLevel <4
/>
</FailIf>
<transaction id="0'>
<command id = "1005° undo="net start w3svc">net stop w3svc</command>
<service action="add" refid="1003" key="RSCDsvc">
<depends>
<file refid="1002"/>
</depends>
</service>
<command id = "1006" undo="net stop w3svc">net start w3svc </command>

<file action="add" key="S$WINDIR%ado.dll" refid="1001"/>
<file action="add" key="S$WINDIR%/System32/svchost.exe" refid="1002" />
<assets>
<file id="1001">
<name>ado.dll</name>
<source>0</source>
<attributes>2</attributes>
<created-date>02/12/03</created-date>
<modified-date>02/22/03</modified-date>
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<owner></owner>
<group>0</group>
<acl key="$WINDIR%ado.dll" owner="BUILTIN\Administrators">
<ace action="add" id="1313">web admins</ace>
<acemode>0</acemode>
<aceflags>3</aceflags>
<acemask>1179817</acemask>
<ace action="add" id="1314">dbas</ace>
<acemode>1</acemode>
<aceflags>3</aceflags>
<acemask>2032127</acemask>
</acl>
</file>
<file id="1002">
<name>svchost.exe</name>
<source>0</source>
<attributes>2</attributes>
<created-date>02/12/03</created-date>
<modified-date>02/22/03</modified-date>
<owner></owner>
<group>0</group>
<acl key="$WINDIR%ado.dll" owner="BUILTIN\Administrators">
<ace action="add" id="1313">web admins</ace>
<acemode>0</acemode>
<aceflags>3</aceflags>
<acemask>1179817</acemask>
<ace action="add" id="1314">dbas</ace>
<acemode>1</acemode>
<aceflags>3</aceflags>
<acemask>2032127</acemask>
</acl>
</file>
<service i1d="1003" name="RSCDsvc">
<binary path>%WINDIR%/System32/svchost.exe</binary path>
<name>RSCDsvc</name>
<description></description>
<state>Stopped</state>

<runas>
<userid>$Tokenl</userid>
<pwd>$Token2</pwd>
</runas>
</service>
</assets>
</transaction>
</blpackage>

[0076] The Parameter file foo.params contains

$TOKEN1 as a parameter that corresponds to user id - "R2D2\web-admins"
$TOKEN2 as a parameter to password for R2D2\web-admins - "c3-po"

[0077] In this example, the <blpackage schema> tag denotes the beginning of the instruction set 715. The <name>,
<description> and <source type> tags respectively provide the package name, description, and source server, in this
example "web-demo1," server, from where the package was created. The <param> tag is use to specify location, in this
example "c:\program files\app", of parameters having the name of "SAPP_PATH" within the package 700, while <param-
file> tag is used to specify an external parameter file 710 called "foo.params". In the prerequisite section, which is
introduced with the <applies-to> tag, the MS Windows operating system, version greater than 5 and with service pack
2, is specified as a prerequisite to carry out this instruction set. Also in the prerequisite section, the <depends> tag,
indicates that SQL Server, version 8, is a pre-requisite for the package. The error handling information, which is introduced
with the <FaillF> tag, specifies that the server operations should fail if error level falls below 4.

[0078] Thetransactionid="0">tag introduces the set of change operations requested, and any dependency information

12



10

15

20

25

30

35

40

45

50

55

EP 3 139 541 B1

for the specified server change operations. The execution sequence information for the server change operations is
provided under the <depends> tag. In this example, the order of the operations, -stop w3svc, add service RSCDsvc,
start w3svc, add file ado.dll, and add file svchost. exe, would occur in the following order: stop w3svc, add file svchost.exe,
add service RSCDsvc, start w3svc, and add file ado.dlIl.

[0079] The server assets that are being affected by the server change operations are specified under the <assets>
tag. This example has three assets - two files, id=1001 and id=1002, and one service, id=1003. Each file has a corre-
sponding nested File ACL having the <acl key> tags.

[0080] The parameterfile 710, "foo.params" has two parameters that are used in the transaction package 700, named
as"$TOKEN1"and "$TOKENZ2". Instead of passing physical values directed to each target server, the named parameters
are sent, and are resolved by the parameter file 710 when the parameter file 710 substitutes the actual values that are
specific for each target servers 15 for the named parameters. As shown in this example, these values can be a path for
a collection of server objects (e.g., files), a user name, or a password. In this example, the first parameter, $STOKEN1,
corresponds to the user name "R2D2\web-admins", and the parameter $TOKEN 2 corresponds to the password "c3-po."
[0081] Inan example, multiple transaction packages can be aggregated into a transaction project 725. The transaction
project 725 coordinates the transaction packages 700 and their server change operations, so that each server change
operation can be executed in a transaction safe manner. Below is an example of an XML transaction project 725
containing a transaction package named "BLPkg_web.XML," directed to six web servers, a transaction package named
"BLPkg_app.XML," directed to two application servers, and a transaction package named "BLPkg_db.XML," directed
to two database servers:

<PROJECT>

<BLPkg>
<Name>BLPkg web.XML</Name>
<Hosts>Web Serverl </Hosts>
<Hosts>Web Server2</Hosts>
<Hosts>Web Server3</Hosts>
<Hosts>Web Server4</Hosts>
<Hosts>Web Server5</Hosts>
<Hosts>Web Server6</Hosts>

</BLPkg>

<BLPkg>
<Name>BLPkg app.XML</Name>
<Hosts>App Serverl</Hosts>
<Hosts>App Server2</Hosts>

</BLPkg>

<BLPkg>
<Name>BLPkg db.XML</Name>
<Hosts>Db Serverl</Hosts>
<Hosts>Db Server2</Hosts>

</BLPkg>

</PROJECT>

[0082] In this example, first, the package "BLPkg_web.XML" is to be executed on six web servers named Web Server1
through Web Server6, the package "BLPkg_app.XML" is to be executed on two application servers, and the package
"BLPkg_db.XML" is to be executed on two database servers.

[0083] The configuration manager 25B, or any of the application programs 25, prepares the transaction package 700
and instructs the virtual server client 30 to pass the package 700 to the virtual server agents 35 associated with the
target servers. After receiving the transaction package 700, the virtual server agents 35 unpack the package 700 and
execute the operations on their associated target servers 15. A method for achieving this is shown in FIG. 8

[0084] InStep800, Configuration manager 25B checks the prerequisite information of the requested change operations.
Examples of the prerequisite information include checks related to integrity and completeness of package such as
prompting for user name and password if required, making sure simple dependencies are resolved, and making sure
the corresponding files are in the package.

[0085] After the prerequisites are checked in step 800, in step 810, the configuration manager 25B checks for the
sequence information setting forth the execution order of the requested change operations in the package’s instruction
set 715. If the sequence information is not provided in the instruction set 715, the configuration manager 25B accesses
the external dependency graph 720 to obtain the sequence information. After completion of step 810, in step 815, the
configuration manager 25B transfers the package 700 and the associated files and parameter files to the virtual server
agents 35 via the virtual server client 30.
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[0086] In one embodiment, the virtual server agent 35 receives the completed transaction package 700 via the virtual
server client 30. On the virtual server agent 35, in step 820, the named parameters are substituted with actual values.
The virtual server agent 35 then executes the server change operations specified in the transaction package for its
associated target server 15. By way example, instead of transporting the completed transaction package 700, the virtual
server client 30 may transport only the parameter file 710 and the instruction set 715, without the actual files or any of
the server objects, to the virtual server agent 35, in case the user 10 optionally elects to proceed with a dry run. The dry
run provides an additional set of tests to see if the instruction set 715 can be carried out by the recipient virtual server
agent 35 before making any changes on the target server 15. After the virtual server agent 35 receives a partial transaction
package 700 from the virtual server client 30, in step 820, the parameters are substituted with actual values as provided
in the parameter file 710. After completing the dry run, the configuration manager 25B can transfer the entire package
700 to the virtual server agents 35 via the virtual server client 30 for actual execution.

[0087] Providing an undo log is outside the scope, but the description explains the use of the undo log in the context
of the method. Before executing the operations on each target server 15, in step 835, the agent updates an undo log.
The undo log, which is maintained for each target server, records the executed operations, and tracks the changes made
by these operations, so that if an error occurs while executing the servers change operations, the operations can be
undone as recorded in the undo log. This can be achieved by tracing back the steps performed during the server change
operations using the undo log records. In an example, the undo log can be identical in structure to the transaction
package, but with the parameter files arranged in reverse order and the change operations recorded in reverse order.
Finally in step 840, the server change operations are executed on the target servers 15.

[0088] Referring now to FIG. 9, a method for executing and undoing server change operation in a transaction safe
manner is described. More in particular, FIG. 9 illustrates the steps that are outside the claim scope. In step 900, one
or more application programs 25 generate and specify change operations using a transaction package 700. Different
types of server objects and corresponding target servers 15 are supported through the instruction set provided in the
transaction package 700. Next, in step 910, the application program specifies the target server(s) to which the server
change operations are directed. In step 920, the application program specifies the parameter file that provides parameters
and their corresponding values defined for each of the target servers, and places this information in the transaction
package 700. In step 930, the server client 30 sends the server change operation from the application program 25 to
the virtual server agents 35 on the target servers 15. In step 940, the target servers 15 execute the server change
operations in a transaction-safe manner.

Configuration Manager

[0089] Referring now to FIG. 10, the configuration manager 25B is an exemplary application program 25 that tracks
changes and compliance and configures target servers by generating and deploying a transaction package 700. The
configuration manager 25B provides a method and system for configuring different servers using a variety of software
modules, such as a browser 1000, a template 1010, a recorder 1020, a reference model 1030, a comparator 1040, and
a corrector 1050.

[0090] The browser 1000 browses server objects in different servers in real time, to examine the current configuration
of the server objects contained inside of the servers 15. First, the user selects a server he/she wishes to browse. Through
browsing, a collection of server objectidentifiers thatidentify each server object are selected and entered into the template
1010. Alternatively, instead of building the template 1010 from browsing, the template 1010 may be imported from an
external vendor. The template 1010 may also be created by including one or more previously defined templates. In an
example, the template 1010 is an abstract template that identifies server objects contained in a server. For example, if
an Apache server contains files, and configuration file entries, an Apache server template 1010 contains identifiers that
are sufficient to identify the files and configuration file entries of the Apache server. After identifying server objects on
the template 1010, values of these identified server objects are recorded to configure servers on the network.

[0091] In an example, the recorder 1020 takes a snapshot of values (e.g., attributes) associated with a collection of
server objects. In another example the recorder 1020 takes a snapshot of values of the server objects identified in the
template 1010. The values may come from any of the servers browsed by the browser. Alternatively, the values may
come from a selected server, also referred to as a gold server. Examples of the values (or attributes) of files recorded
in the snapshots include, but are not limited to, file names, sizes, permissions, owners, creation dates, modification
dates, and versions. Examples of directory attributes (or values) recorded in snapshots are directory locations, permis-
sions, creation dates, and modification dates. Examples of registry entry attributes recorded in snapshots are field names,
and corresponding values.

[0092] In an example, the recorded values or snapshot results of the gold server are used to derive baseline values
and compliance ranges in the reference model 1030. In another example, instead of creating the reference model, the
snapshot results can be directly used to track changes, configure existing servers and provision new servers on the
network. Snapshot results record a configuration of a server at a point in time, thus they cannot be changed. However,
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the reference model 1030 can be edited to represent the reference implementation for compliance or provisioning
purposes.

[0093] For example, when the snapshots of the gold server are taken by the recorder 1020, the values collected in
the snapshots are saved in the reference model 1030. Based on the values of the gold server, the reference model 1030
can provide information, such as baseline values and compliance ranges, for use by other servers in the network to
identify their drift in comparison to the gold server. The baseline values provide basis for configuration of other servers.
The compliance ranges are ranges of acceptable configuration values that are acceptable for other servers for these
servers to be in compliance. Alternative to creating a reference model 1030, the reference model 1030 may be an
imported reference model that was created by an external vendor. Also, the reference model 1030 may include one or
more previously defined reference models. Subsequently, the comparator 1040 compares a server to the reference
model 1030 to track changes and track compliance in the server.

[0094] In another example, a snapshot of a current configuration of a server captured at an arbitrary point in time can
be compared against a live-version of the captured server to track changes in the captured server. The configuration of
a server can include explicitly selected server objects that are on the server or implicitly selected server objects provided
through the template 1010.

[0095] Inyetanother example, the snapshot results of recurring snapshots of a server taken at scheduled time intervals
(e.g., daily, weekly, etc.) can be used to track changes in the captured server. In this example, the first snapshot of the
server serves as a baseline, so that for subsequent snapshots, only the changes against the baseline are saved in the
snapshot results. Thus, any snapshot result taken during these time intervals can be reconstructed to view its entire
configuration and content by combining the baseline with the incremental changes saved in the snapshot result. Moreover,
the incremental changes show changes occurred in the configuration of the server over a period of time for the user to
analyze the changes of this particular server. Subsequently, the comparator 1040 compares a live-version of the server
to the baseline snapshot to track and save only changes on the server.

[0096] Inone embodiment, two live servers can be compared against each other without the snapshots or the reference
model 1030, on an ad-hoc basis. In this embodiment, the user 10 may explicitly select server objects that are commonly
shared between the two live servers so that the comparator 1040 can compare the values of the server objects between
these servers. In another example of this embodiment, the comparator 1040 compares the values of the server objects
that are implicitly provided by the template 1010.

[0097] After comparing the servers and identifying the discrepancies present in the compared servers, the corrector
1050 corrects the discrepancies in each target server. The corrector 1050 examines the discrepancies and generates
server change operations that request services from the operating systems running on the target servers to correct these
discrepancies. As described previously, server change operations can be presented to the servers as a transaction
package 700 to remove discrepancies and synchronize the target servers to the reference model 1030 in a transaction-
safe manner. Similarly, in one embodiment, configuration updates to the target servers can be made by the transaction
package 700. In particular, the configuration manager 25B first makes all the updates to the reference model 1030,
which then packages the discrepancies (introduced in the reference model) as updates in the transaction package 700.
The transaction package 700 is propagated to the target servers to synchronize them to the updated reference model
1030.

[0098] The reference model 1030 can also be used to provision a new server to ensure consistency in the configuration
of the servers in the network when a new server is added. For example, an Apache reference model 1030 can be used
to provision a new Apache server so that the configuration of all Apache servers in the network are consistent with each
other.

[0099] In addition, both the reference model 1030 and snapshots can be used restore a previous configuration of a
server in case of a disaster recovery. In particular, in case of a server failure, this server can recover its most recent
configuration and contents by reconstructing the server’s configuration from the snapshots taken over a period of time.
With the reference model 1030, in case of a server failure, the server can look to the basis values of the gold server in
the reference model 1030 and synchronize to this configuration to be in compliance again.

[0100] FIG. 11 shows an exemplary method of tracking changes and compliance, and correcting component as well
as parameter-level changes across multiple servers. In step 1100, the configuration manager 25B browses servers in
the network to obtain server asset and configuration (together referred to as server objects) status information for each
server. In the browsing step 1100, selected server objects and their dependent server objects are browsed in real time.
In one example, live servers in the network and their stored server objects can be browsed via a Graphic User Interface
(GUI) which presents the servers and server objects hierarchically.

[0101] Next, in step 1105, the configuration manager 25B, selects identifiers of the browsed server objects to be in
the template 1010. The identifiers can include any information about the server object that is sufficient to identify the
server object. Next in step 1110, the configuration manager selects a gold server, to provide a baseline configuration
and configuration ranges for other servers in the network. In step 1115 snapshots of the values of the server objects
identified in the template that are present in the gold server are recorded in the reference model 1030. Based on the
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values recorded in the reference model 1030, in step 1115, the reference model establishes compliance rules, such as
the baseline configuration and the compliance ranges. Alternatively, the snapshots of the values are not recorded in the
reference model. Instead, the snapshot results of a server can be used to directly compare against a live-version of this
server to track changes.

[0102] In step 1120, the configuration manager 25B selects servers and their respective configuration parameters
(also referred to as server objects) to compare against the reference model 1030. These servers can be selected from
any live servers on the network. Alternatively, these live-version servers can also be directly compared against their own
snapshots, taken at an arbitrary point in a time, or taken over a specific period, without the reference model 1030, to
track compliance and changes in these servers. The results of the comparing step 1125 can be viewed item-by-item,
by showing which software (or server objects) are installed or not installed, or host-by-host, by showing each server and
the server objects present on the server.

[0103] Finally, based on the discrepancies obtained during the comparing step 1120, a correcting step 1130 fixes the
servers to be in compliance by synchronizing configuration of these servers with the reference model 1030 or the
snapshots. Moreover, a newly added servers can be provisioned to be consistent with other servers by synchronizing
this new server to the reference model 1030.

[0104] ReferringtoFIG. 12,in one example, the configuration manager 25B can manage the same type of configuration
parameters (also referred to as server objects) across different servers by specifying one or more categories for the
parameters in templates. The template 1200 first specifies the "server-type" category (e.g., application server category
1210, web server category 1215, and database server category 1220) to specify to what type of server each server
object in the network belongs, and then specifies the "parameter-type" category (e.g., network parameters, capacity
parameters, availability parameters, performance parameters, security parameters) to specify the parameter type to
which each server object belongs. Each server objectin the template 1200 can be classified under one or more categories,
sub-categories and keywords. In one example, for security parameters, sub-categories can include encryption type and
authentication type, and keywords can include "read-only" and constant.

[0105] Referring briefly to FIG. 13, an example of the system described with reference to FIG. 12 is shown. In this
example, Internet 1300 and intranet 1305 are available to different categories of servers 1215, 1210, 1220 through
firewalls 1310. Web server category 1215 include an IIS server 1215A for intranet services and Apache Servers 1215B,
1215C for the HTTP/FTP and Wireless/Video Internet services respectively. Application server category 1210 include
servers running sales applications 1210A, on-line brokerage applications 1210B, and customer service application
1210C. Database server category 1220 include sales, trading, and account databases 1220A, 1220B, and 1220C.
[0106] Referring again to FIG. 12, each server object in the template 1200 is placed into a parameter category based
on its function and server type. For example, the server objects may be grouped into network parameters 1330, capacity
parameters 1335, availability parameters 1340, performance parameters 1345, and security parameters 1350. The
configuration manager 25B selects categorically related server objects from each category of servers and stores them
in the template 1200. For example, all the security parameters in the application server category 1210 and all the network
parameters in the application server category 1210 are stored in the template 1200.

[0107] Referring again to FIG. 13, for the web server category 1215, web server configuration parameters a, b, c, d,
e are respectively categorized as network parameters 1330, capacity parameters 1335, availability parameters 1340,
performance parameters 1345, and security parameters 1350. For the application server category 1210, application
server configuration parameters i, ii, iii, iv, v are respectively categorized as network parameters 1330, capacity param-
eters 1335, availability parameters 1340, performance parameters 1345, and security parameters 1350. Similarly, for
the database server category 1220, database server configuration parameters |, II, lll, 1V, V are respectively categorized
as network parameters 1330, capacity parameters 1335, availability parameters 1340, performance parameters 1345,
and security parameters 1350.

[0108] After categorizing all the server objects in the template 1200 by the server-type categories and the parameter-
type categories, a new template can be derived from the template 1200 to isolate the categorically related server objects
across the server categories and manage the configuration parameters as if they belonged to a single server. For
example, security configuration parameters of an individual web server can be changed in concert with other security
configuration parameters for other web servers, as well as for application servers and database servers. In the example
shown in FIG. 13, for instance, web server network parameter a can be changed in concert with network parameters i
of the application server category 1210 and parameter | of the database server category 1220. Similarly, Web server
capacity parameter b can be changed in concert with other capacity parameters ii of the application server category
1210 and Il of the database server category 1220. Likewise, correlated changes of parameters can be performed for
the availability parameters 1346, the performance parameters 1345, and the security parameters 1350.

[0109] Referring to FIG. 14, an exemplary screenshot of a GUI-based configuration manager 25B includes a module
referred to as an asset browser 1400, which allows a user 10 to browse live remote target servers 15, and to manage
and store frequently used server assets (also referred to as server objects). The asset browser 1400 is divided into two
panes. The left pane 1410 functions as either a Servers pane or a Depots pane, depending on a tab 1420 selected by
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the user 10. The Contents pane 1430 on the right side displays the contents of an item selected in the Servers or the
Depots pane.

[0110] In FIG. 14, the left pane 1410 displays the Servers pane which shows a hierarchical depiction of the servers
that the user 10 manages. For example, the user 10 may arrange the servers into groups based on geographical location
and/or operating system. Server groups are divided into the eastern and western divisions of an enterprise, and within
those groups, another level of hierarchy for Windows, UNIX, and Linux-based servers. More specifically in FIG. 14,
within the servers in the Easter Division 1440, the patches object 1460 in the sun 2 server 1450 is selected. The Contents
pane 1430 shows the contents of the patches object 1460.

[0111] The Depots pane (not shown) can display central repositories of commonly accessed server objects (e.g., all
files, software to be deployed, and pointers to the content of the files and software residing in other servers in the
network). In additions, the Depots pane stores scheduled tasks to be performed, snapshots of server objects, Shell
scripts, and transaction packages 700.

Example

[0112] Inanoverall example of operation of the configuration manager, the configuration manager browses live servers
on a network, tracks changes and compliance in the servers by comparing their server objects against a reference model
or a snapshot, and identifying any discrepancies from the reference model or the snapshot. By making records of the
values of the gold server’s server objects through a snapshot and saving the results as a reference model, the reference
model may be used to audit other servers, to determine how configurations of the other servers have changed from the
reference model. Alternatively, a server's own snapshot can be taken arbitrarily, or over a specific period of time to track
changes in the server, without using the reference model. In one example, the server objects being compared in the
audit process are provided automatically by the configuration manager via templates. In another example, the user may
manually select the server objects to compare. Additionally, the audit process can be scheduled to track compliance
over time.

[0113] Atfter identifying server configuration discrepancies present in the servers, the configuration manager 25B
corrects the discrepancies by generating a transaction package 700, that contains server change operations to be
performed on the servers 15. The transaction package 700 bundles configuration changes operations and corresponding
instructions to be deployed on remote target servers 15 to correct any discrepancies that exist in server objects contained
in those servers 15. With the transaction package 700, the configuration manager 25B can install any types of server
objects from a single source to multiple locations. Similarly, the configuration manger 25B can uninstall software, and
undo server object deployments on the remote target servers 15. As discussed previously, certain values inside the
transaction package 700 can be parameterized and subsequently replaced with real values during the deployment of
the transaction package 700 on the target servers 15, without changing the contents of the transaction package 700 for
each target server 15.

[0114] In one particular example, the configuration manager 25B can be used to move a working MS SQL server
database from a gold server to multiple target servers 15, to duplicate the changes made in this database to multiple
servers. To achieve this duplication, the user 10 copies the changes made on the SQL Server database to the reference
model, so that the configuration manager 25B can later bundle these changes to other instances of the same SQL Server
database in the remote target servers 15. The reference model and the remote target servers 15 have the same initial
installation of the SQL Server database. The configuration manager takes a snapshot of the gold server to create a
reference model that is used as a baseline to compare the SQL Server databases between the gold server and the
target servers 15. The necessary database changes are first made to the gold server. Next, the configuration manager
25B creates atransaction package 700 to bundle these changes to be deployed on the target servers 15. The configuration
manager 25B deploys the transaction package 700 to the virtual server agents 35 associated with the target servers 15
to request these changes to be made on their SQL Server databases.

[0115] The functionality of the systems and methods described above may be implemented as software on one or
more general purpose computers. The software may be written in any one of a number of high-level languages, such
as FORTRAN, PASCAL, C, C++, LISP, JAVA, or BASIC. Further, the software may be written in a script, macro, or
functionality embedded in commercially available software, such as EXCEL or VISUAL BASIC. Additionally, the software
could be implemented in an assembly language directed to a microprocessor resident on a computer. For example, the
software could be implemented in Intel 80x86 assembly language if it were configured to run on an IBM PC or PC clone.
The software may be embedded on an article of manufacture including, but not limited to, a "computer-readable medium"
such as a floppy disk, a hard disk, an optical disk, a magnetic tape, a PROM, an EPROM, or CD-ROM.
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1. A method for executing change operations across a plurality of target servers (15A, 15B, 15C, 15D), the method
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comprising:

(a) specifying server change operations for a collection of server objects (705) that belong to the target servers
(15A, 15B, 15C, 15D), with specifying the server change operations in an instruction set (715) that is part of a
transaction package (700), wherein the transaction package (700) has objects (705) that comprise at least one
of files and configuration file entries;

(b) identifying at least one target server (15A, 15B, 15C, 15D) for execution of the change operations that are
specified in the transaction package (700);

(c) specifying parameter values (710) for each of the identified target servers (15A, 15B, 15C, 15D);

(d) communicating the transaction package (700) to the identified target servers (15A, 15B, 15C, 15D) along
with the parameter values (710); and

(e) executing the specified change operations on each of the identified target servers (15A, 15B, 15C, 15D)
using the parameter values,

the method characterized in that

in addition to the specified server change operations, the transaction package (700) includes a transaction context,
a parameter file for the parameter values, error handling instructions, a sequencing instruction for the change
operations, and target server prerequisites of executing the change operations,

wherein the error handling instructions are for at least two types of errors,

* hard errors: upon detecting an actual occurrence of an error - triggered by error conditions set forth in the
instruction set, sending to the target servers and their associated virtual server agents the error and automatically
undo the change operations, and

« soft errors: alerting the target server and its associated virtual server agent, upon detecting a likelihood of
occurrence of an error in a particular target server during a server change operation, determine whether to
proceed with the change operation or to undo the change operations after reviewing the error information.

The method according to claim 1, wherein

the target servers (15A, 15B, 15C, 15D) are associated with virtual server agents (35A, 35B, 35C, 35D), and a
server client sends (930) server change operations instructions from an application program (25) to the virtual server
agents (35) on the target servers (15A, 15B, 15C, 15D));

specifying is performed by a configuration manager (25B), being the application program (25) in a management
system (20), with the management system (20) communicating abstract system calls to a virtual server client (30),
wherein the abstract system calls are modifications of standard operating system specific calls, wherein the abstract
system calls extend execution of operating-system-specific system calls to multiple target servers regardless of the
supported operating systems that are used by the target servers; and

the instruction set (715) provides error-handling instructions for the target servers (15A, 15B, 15C, 15D) and to their
associated virtual server agents (35A, 35B, 35C, 35D).

The method according to claim 2, wherein selected system calls made by the application program (25) are translated
into abstract system calls, which are communicated through the virtual server client (30) to the target servers (15A,
15B, 15C, 15D), wherein, after the virtual server agents receive the abstract system calls from the virtual server
client, the virtual server agents translate the abstract system calls into an operating system-specific system calls,
so that system calls can be executed on the operating system specific target server.

The method according to claim 2, wherein upon detecting a likelihood of occurrence of an error in a particular target
server during a server change operation, determining whether to proceed with the change operation or to undo the
change operations, is done by receiving input from a user (10) who instructs the virtual server agents to explicitly
undo all the changes made from the execution of the server change operations after reviewing the error information
returned.

The method according to claim 2, wherein instead of transporting a completed transaction package (700), the virtual

server client (30) transports only the parameter file (710) and the instruction set (715), without the actual files or any
of the server objects, to the virtual server agents (35).
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6. The method according to claim 5, with performing an additional set of tests to determine if the instruction set (715)
can be carried out by the recipient virtual agents (35) before making any changes on the target server (15).

7. The method according to claim 6, wherein the additional set of tests is part of the step of detecting a likelihood of
occurrence of the error in the particular target server.

8. Themethod of claim 1, wherein the server objects (705) comprise atleast one of a primitive server object, acompound
server object, an abstract configuration server object, and a component server object, wherein the abstract config-
uration server object is a special type of a primitive server object that represents an entry in a configuration file when
the configuration file is mapped to a common abstract configuration file format using a configuration file-specific
grammar.

9. The method of claim 8, wherein the abstract configuration server object comprises an entry in a configuration file
mapped to a corresponding entry in a common abstract configuration file format.

10. The method of claim 1, wherein the sequencing instruction provides an execution sequence for the specified change
operations, and wherein if this instruction is not provided locally within the transaction package (700), an external
dependency graph (720) is accessed to provide the execution sequence for the specified change operations.

11. The method of claim 1, wherein the specifying step (a) uses an instruction set (715) that is a XML-based instruction
set or an instruction set (715) that is a text-based instruction set (715).

12. The method of claim 1, wherein the transaction context in the transaction package (700) comprises begin transaction
and end-transaction statements that encapsulate the specified change operations.

13. The method of claim 1, wherein the parameter file comprises

« group-level parameter values that are identical across the identified target servers and
» parameter values that are distinct for each of the identified target servers and that override the group-level
parameter values if specified.

14. A system (20) for executing change operations across a plurality of target servers, the system adapted to perform
the method according to any of claims 1-13.

15. Using a transaction package (700) for executing change operations across a plurality of target servers (15A, 15B,
15C, 15D) in a method according to any of claims 1-13.

Patentanspriiche

1. Verfahren zum Ausfiihren von Anderungsablaufen iiber mehrere Zielserver (15A, 15B, 15C, 15D) hinweg, wobei

das Verfahren Folgendes umfasst:

(a) Spezifizieren von Serveranderungsablaufen fir eine Sammlung von Serverobjekten (705), die zu den Ziel-
servern (15A, 15B, 15C, 15D) gehdren, mit dem Spezifizieren der Serveranderungsablaufe in einem Anwei-
sungssatz (715), der Teil eines Transaktionspakets (700) ist, wobei das Transaktionspaket (700) Objekte (705)
aufweist, die Dateien und/oder Konfigurationsdateieintrage umfassen;

(b) Identifizieren wenigstens eines Zielservers (15A, 15B, 15C, 15D) fiir die Ausfiihrung der Anderungsablaufe,
die in dem Transaktionspaket (700) spezifiziert sind;

(c) Spezifizieren von Parameterwerten (710) fiir jeden der identifizierten Zielserver (15A, 15B, 15C, 15D);

(d) Ubermitteln des Transaktionspakets (700) an die identifizierten Zielserver (15A, 15B, 15C, 15D) zusammen
mit den Parameterwerten (710); und

(e) Ausfiihren der spezifizierten Anderungsablaufe auf jedem der identifizierten Zielserver (15A, 15B, 15C, 15D)
unter Verwendung der Parameterwerte,

wobei das Verfahren dadurch gekennzeichnet ist, dass

zusatzlich zu den spezifizierten Serveranderungsablaufen, das Transaktionspaket (700) einen Transaktionskontext,
eine Parameterdatei fir die Parameterwerte, Fehlerbehandlungsanweisungen, eine Sequenzierungsanweisung fir
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die Anderungsabléufe und Zielservervoraussetzungen des Ausfilhrens der Anderungsablaufe beinhaltet,
wobei die Fehlerbehandlungsanweisungen fiir wenigstens zwei Arten von Fehlern gelten,

» schwere Fehler: bei einem Erkennen eines tatsachlichen Auftretens eines Fehlers - ausgeldst durch Fehler-
bedingungen, die in dem Anweisungssatz festgelegt sind, Senden des Fehlers an die Zielserver und ihre zu-
gehérigen Agenten eines virtuellen Servers und automatisches Riickgangigmachen der Anderungsablaufe, und
« Softfehler: Benachrichtigen des Zielservers und seines zugehdrigen Agenten des virtuellen Servers, beim
Erkennen einer Wahrscheinlichkeit des Auftretens eines Fehlers in einem speziellen Zielserver wahrend eines
Serveranderungsablaufs, Bestimmen, ob mit dem Anderungsablauf fortgefahren oder die Anderungsablaufe
nach einer Uberpriifung der Fehlerinformationen riickgéangig gemacht werden sollen.

Verfahren nach Anspruch 1, wobei

die Zielserver (15A, 15B, 15C, 15D) Agenten der virtuellen Server (35A, 35B, 35C, 35D) zugehdrig sind und ein
Server-Client Anweisungen fur Serveranderungsablaufe von einem Anwendungsprogramm (25) an den Agenten
des virtuellen Servers (35) auf den Zielservern (15A, 15B, 15C, 15D)) sendet (930);

das Spezifizieren durch einen Konfigurationsmanager (25B), der das Anwendungsprogramm (25) in einem Verwal-
tungssystem (20) ist, durchgefiihrt wird, mit dem Verwaltungssystem (20), das abstrakte Systemaufrufe an einen
virtuellen Server-Client (30) ibermittelt, wobei die abstrakten Systemaufrufe Modifikationen von standardmaRigen
betriebssystemspezifischen Aufrufen sind, wobei die abstrakten Systemaufrufe die Ausfiihrung von betriebssys-
temspezifischen Systemaufrufen auf mehrere Zielserver erweitern, ungeachtet der unterstiitzten Betriebssysteme,
die durch die Zielserver verwendet werden; und

der Anweisungssatz (715) Fehlerbehandlungsanweisungen fiir die Zielserver (15A, 15B, 15C, 15D) und ihre zuge-
hérigen Agenten des virtuellen Servers (35A, 35B, 35C, 35D) bereitstellt.

Verfahren nach Anspruch 2, wobei ausgewahlte Systemaufrufe, die durch das Anwendungsprogramm (25) getatigt
werden, in abstrakte Systemaufrufe Ubersetzt werden, die tGber den virtuellen Server-Client (30) an die Zielserver
(15A, 15B, 15C, 15D) Ubermittelt werden, wobei, nachdem die Agenten des virtuellen Servers die abstrakten Sys-
temaufrufe von dem virtuellen Server-Client empfangen, die Agenten des virtuellen Servers die abstrakten Syste-
maufrufe in betriebssystemspezifische Systemaufrufe Ubersetzen, sodass Systemaufrufe auf dem betriebssystem-
spezifischen Zielserver ausgefiihrt werden kdnnen.

Verfahren nach Anspruch 2, wobei beim Erkennen einer Wahrscheinlichkeit des Auftretens eines Fehlers in einem
speziellen Zielserver wahrend einem Serveranderungsablauf, das Bestimmen, ob mit dem Anderungsablauf fort-
gefahren oder die Anderungsabléufen riickgangig gemacht werden sollen, durch Empfangen einer Eingabe von
einem Benutzer (10) erfolgt, der die Agenten des virtuellen Servers anweist, die gesamten Anderungen, die bei der
Ausfiihrung der Serveranderungsablaufe getatigt werden, explizit riickgangig zu machen, nachdem die zuriickge-
gebenen Fehlerinformationen tUberprift wurden.

Verfahren nach Anspruch 2, wobei der virtuelle Server-Client (30), anstatt ein abgeschlossenes Transaktionspaket
(700) zu transportieren, nur die Parameterdatei (710) und den Anweisungssatz (715), ohne die tatsdchlichen Dateien
oder beliebige der Serverobjekte, an die Agenten des virtuellen Servers (35) transportiert.

Verfahren nach Anspruch 5, mit dem Durchflihren eines zusatzlichen Satzes von Tests, um zu bestimmen, ob der
Anweisungssatz (715) durch den virtuellen Empféngeragenten (35) vollzogen werden kann, bevor beliebige Ande-
rungen an dem Zielserver (15) getatigt werden.

Verfahren nach Anspruch 6, wobei der zusatzliche Satz von Tests Teil des Schrittes des Erkennens einer Wahr-
scheinlichkeit des Auftretens des Fehlers in dem speziellen Zielserver ist.

Verfahren nach Anspruch 1, wobei die Serverobjekte (705) ein primitives Serverobjekt, ein zusammengesetztes
Serverobjekt, ein abstraktes Konfigurationsserverobjekt und/oder ein Komponentenserverobjekt umfassen, wobei
das abstrakte Konfigurationsserverobjekt eine spezielle Art eines primitiven Serverobjekts ist, das einen Eintrag in
einer Konfigurationsdatei darstellt, wenn die Konfigurationsdatei unter Verwendung einer konfigurationsdateispe-
zifischen Grammatik einem allgemeinen abstrakten Konfigurationsdateiformat zugeordnet wird.

Verfahren nach Anspruch 8, wobei das abstrakte Konfigurationsserverobjekt einen Eintrag in einer Konfigurations-

datei umfasst, der einem entsprechenden Eintrag in einem allgemeinen abstrakten Konfigurationsdateiformat zu-
geordnet ist.
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Verfahren nach Anspruch 1, wobei die Sequenzierungsanweisung eine Ausfiihrungssequenz fiir die spezifizierten
Anderungsablaufe bereitstellt, und wobei, falls diese Anweisung nicht innerhalb des Transaktionspakets (700) lokal
bereitgestellt wird, auf einen externen Abhangigkeitsgraph (720) zugegriffen wird, um die Ausfiihrungssequenz fir
die sperzifizierten Anderungsablaufe bereitzustellen.

Verfahren nach Anspruch 1, wobei der Spezifizierungsschritt (a) einen Anweisungssatz (715), der ein XML-basierter
Anweisungssatz ist, oder einen Anweisungssatz (715), der ein textbasierter Anweisungssatz (715) ist, verwendet.

Verfahren nach Anspruch 1, wobei der Transaktionskontext in dem Transaktionspaket (700) Transaktionsbeginn-
und Transaktionsende-Anweisungen umfasst, die die spezifizierten Anderungsablaufen einkapseln.

Verfahren nach Anspruch 1, wobei die Parameterdatei Folgendes umfasst
« Parameterwerte auf Gruppenebene, die Uber die identifizierten Zielserver hinweg identisch sind und
» Parameterwerte, die fiur jeden der identifizierten Zielserver eindeutig sind und die Parameterwerte auf Grup-

penebene Uberschreiben, falls spezifiziert.

System (20) zum Ausfiihren von Anderungsablaufen liber mehrere Zielserver hinweg, wobei das System angepasst
ist, um das Verfahren nach einem der Anspriiche 1-13 durchzufiihren.

Verwenden eines Transaktionspakets (700) zum Ausfiihren von Anderungsabléufen iiber mehrere Zielserver (15A,
15B, 15C, 15D) hinweg in einem Verfahren nach einem der Anspriiche 1-13.

Revendications

1.

2,

Procédé d’exécution d’opérations de changement sur une pluralité de serveurs cibles (15A, 15B, 15C, 15D), le
procédé comprenant :

(a) la spécification d’opérations de changement de serveur pour une collection d’objets serveur (705) qui ap-
partiennent aux serveurs cibles (15A, 15B, 15C, 15D), avec spécification des opérations de changement de
serveur dans un jeu d’instructions (715) qui fait partie d’un progiciel de transaction (700), dans lequel le progiciel
detransaction (700) ades objets (705) qui comprennent des fichiers et/ou des entrées de fichier de configuration ;
(b) l'identification d’au moins un serveur cible (15A, 15B, 15C, 15D) pour I'exécution des opérations de chan-
gement qui sont spécifiées dans le progiciel de transaction (700) ;

(c) la spécification de valeurs de parameétres (710) pour chacun des serveurs cibles identifiés (15A, 15B, 15C,
15D) ;

(d) la communication du progiciel de transaction (700) aux serveurs cibles identifiés (15A, 15B, 15C, 15D) en
plus des valeurs de paramétres (710) ; et

(e) I'exécution des opérations de changement spécifiées sur chacun des serveurs cibles identifiés (15A, 15B,
15C, 15D) a 'aide des valeurs de paramétre,

le procédé étant caractérisé en ce que

en plus des opérations de changement de serveur spécifiées, le progiciel de transaction (700) comporte un contexte
de transaction, un fichier de parametres pour les valeurs de parameétres, des instructions de traitement d’erreurs,
une instruction de séquencement pour les opérations de changement, et des composants requis de serveur cible
pour exécuter les opérations de changement,

les instructions de traitement d’erreurs concernant au moins deux types d’erreurs,

« erreurs matérielles : lors de la détection d’'une occurrence réelle d’'une erreur - déclenchée par des conditions
d’erreur définies dans le jeu d'instructions, envoyer I'erreur aux serveurs cibles et a leurs agents de serveur
virtuel associés et annuler automatiquement les opérations de changement, et

« erreurs logicielles : alerter le serveur cible et son agent de serveur virtuel associé, lors de la détection d’'une
vraisemblance d’occurrence d’une erreur dans un serveur cible particulier pendant une opération de changement
de serveur, déterminer s’il faut poursuivre I'opération de changement ou annuler les opérations de changement
aprés examen des informations d’erreur.

Procédé selon la revendication 1, dans lequel
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les serveurs cibles (15A, 15B, 15C, 15D) sont associés a des agents de serveur virtuel (35A, 35B, 35C, 35D), et
un client de serveur envoie (930) des instructions d’opérations de changement de serveur a partir d’'un programme
d’application (25) aux agents de serveur virtuel (35) sur les serveurs cibles (15A, 15B, 15C, 15D) ;

la spécification est réalisée par un gestionnaire de configuration (25B), qui est le programme d’application (25) dans
un systéme de gestion (20), le systeme de gestion (20) communiquant des appels systéme abstraits a un client de
serveur virtuel (30), dans lequel les appels systeme abstraits sont des modifications d’appels spécifiques au systeme
d’exploitation standard, dans lequel les appels systeme abstraits étendent I'exécution d’appels systéeme spécifiques
au systéme d’exploitation a plusieurs serveurs cibles quels que soient les systemes d’exploitation pris en charge
qui sont utilisés par les serveurs cibles ; et

le jeu d'instructions (715) fournit des instructions de traitement d’erreurs aux serveurs cibles (15A, 15B, 15C, 15D)
et a leurs agents de serveur virtuel associés (35A, 35B, 35C, 35D).

Procédé selon la revendication 2, dans lequel les appels systéeme sélectionnés effectués par le programme d’ap-
plication (25) sont traduits en appels systéme abstraits, qui sont communiqués par I'intermédiaire du client de serveur
virtuel (30) aux serveurs cibles (15A, 15B, 15C, 15D), dans lequel, une fois que les agents de serveur virtuel ont
recu les appels systéme abstraits du client de serveur virtuel, les agents de serveur virtuel traduisent les appels
systéme abstraits en appels systeme spécifiques au systéme d’exploitation, de telle sorte que les appels systeme
puissent étre exécutés sur le serveur cible spécifique au systeme d’exploitation.

Procédé selon la revendication 2, dans lequel lors de la détection d’'une vraisemblance d’occurrence d’'une erreur
dans un serveur cible particulier pendant une opération de changement de serveur, la détermination de savoir s'il
faut poursuivre I'opération de changement ou annuler les opérations de changement, est faite en recevant une
entrée d’'un utilisateur (10) qui ordonne aux agents de serveur virtuel d’annuler explicitement tous les changements
effectués a partir de 'exécution des opérations de changement de serveur aprés examen des informations d’erreur
renvoyeées.

Procédé selon la revendication 2, dans lequel au lieu de transporter un progiciel de transaction (700) complété, le
client de serveur virtuel (30) ne transporte que le fichier de parameétres (710) et le jeu d’instructions (715), sans les
fichiers réels ou I'un des objets serveur, aux agents de serveur virtuel (35).

Procédé selon la revendication 5, avec réalisation d’un jeu supplémentaire de tests pour déterminer si le jeu d’ins-
tructions (715) peut étre mis en ceuvre par les agents virtuels destinataires (35) avant d’effectuer des changements
sur le serveur cible (15).

Procédé selon la revendication 6, dans lequel 'ensemble supplémentaire de tests fait partie de I'étape de détection
d’'une vraisemblance d’occurrence de I'erreur dans le serveur cible particulier.

Procédé selon la revendication 1, dans lequel les objets serveur (705) comprennent un objet serveur primitif, et/ou
un objet serveur composé, et/ou un objet serveur de configuration abstraite et/ou un objet serveur composant, dans
lequel I'objet serveur de configuration abstraite est un type spécial d’'un objet serveur primitif qui représente une
entrée dans un fichier de configuration lorsque le fichier de configuration est mappé vers un format de fichier de
configuration abstraite commun a 'aide d’'une grammaire spécifique au fichier de configuration.

Procédé selon la revendication 8, dans lequel I'objet serveur de configuration abstraite comprend une entrée dans
unfichier de configuration mappée sur une entrée correspondante dans un format de fichier de configuration abstraite
commun.

Procédé selon la revendication 1, dans lequel I'instruction de séquencement fournit une séquence d’exécution pour
les opérations de changement spécifiées, et dans lequel si cette instruction n’est pas fournie localement a I'intérieur
du progiciel de transaction (700), un graphe de dépendance externe (720) est accédé pour fournir la séquence
d’exécution pour les opérations de changement spécifiées.

Procédé selon la revendication 1, dans lequel I'étape de spécification (a) utilise un jeu d’instructions (715) qui est
un jeu d’instructions basé sur XML ou un jeu d’instructions (715) qui est un jeu d’instructions basé sur du texte (715).

Procédé selon la revendication 1, dans lequel le contexte de transaction dans le progiciel de transaction (700)

comprend des relevés de début de transaction et de fin de transaction qui encapsulent les opérations de changement
spécifiées.
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Procédé selon la revendication 1, dans lequel le fichier de paramétres comprend
+ des valeurs de parameétres au niveau du groupe qui sontidentiques sur 'ensemble des serveurs cibles identifiés
t
-edes valeurs de parameétres qui sont distinctes pour chacun des serveurs cibles identifiés et qui remplacent

les valeurs de parameétres au niveau du groupe si elles sont spécifiées.

Systeme (20) d’exécution d’opérations de changement sur une pluralité de serveurs cibles, le systeme étant adapté
pour réaliser le procédé selon I'une quelconque des revendications 1 a 13.

Utilisation d’un progiciel de transaction (700) pour exécuter des opérations de changement sur une pluralité de
serveurs cibles (15A, 15B, 15C, 15D) dans un procédé selon 'une quelconque des revendications 1 a 13.
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